Objective: To document the initial management of hypothyroidism in France with respect to diagnostic setting, investigations, and therapeutic approach. Design: Observational study of the management by primary care practitioners (PCPs) and endocrinologists of patients diagnosed with, and treated for, hypothyroidism during the enrollment period or the previous 6 months. Methods: A representative sample of PCPs and endocrinologists enrolled up to five consecutive patients and reported sociodemographic, clinical, therapeutic, and laboratory data. Data were submitted at baseline and at the first measurement of TSH after starting the treatment. Results: The analysis population comprised 1255 patients (mean (S.D.) age 52.8 (16.3) years; 84% female). Hypothyroidism was suspected on clinical grounds in 77% of patients, with goiter in 16%. Autoimmune thyroiditis, supported by positive anti-thyroid antibodies, was the most frequent diagnosis (59%), followed by iatrogenic causes (28%), of which thyroidectomy was the most common. The median baseline TSH was 8.6 mIU/l, suggesting a high incidence of subclinical hypothyroidism. Imaging studies were requested in over 75% of patients, with ultrasound performed in 98% and scintigraphy performed in 19% of these patients. Both groups of physicians treated their patients almost exclusively with levothyroxine. Endocrinologists were more likely than PCPs to provide counseling on how to take medication correctly. Conclusions: This observational study of a large cohort of patients with newly diagnosed hypothyroidism in France illustrates current practice and indicates some areas where physician education may be required to optimize adherence to guidelines and cost-effectiveness.
Introduction
Hypothyroidism is a common condition, which varies in degree from asymptomatic to life-threatening and is usually secondary to thyroid disease. Clinical suspicion of hypothyroidism is easily confirmed by elevated plasma levels of TSH and low plasma levels of free thyroxine (FT 4 ) (1, 2). In some patients (usually asymptomatic), TSH is elevated, but FT 4 and free triiodothyronine levels are within the normal range; this state of compensated thyroid failure is commonly referred to as subclinical hypothyroidism (3, 4) and treatment of this condition is debated.
The most common cause of primary hypothyroidism in developed countries is autoimmune thyroiditis; other major causes include consequences of surgical thyroidectomy, administration of radioactive iodine or anti-thyroid drugs, and adverse effects of drugs given for conditions not related to the thyroid gland, such as amiodarone, lithium, and interferon (5, 6, 7, 8, 9, 10) . In a cross-sectional study of the general population in Denmark, the prevalences of diagnosed, undiagnosed, and subclinical hypothyroidism, respectively, were 1.0, 0.4, and 0.7% (9) . In a longitudinal UK study using a randomly selected population sample, an incidence of 0.35%/year was seen for spontaneous hypothyroidism in women, which increased to 0.41% for all-cause hypothyroidism; the incidence of all-cause hypothyroidism in men was 0.06% (10) . A French study that excluded patients with previous or current thyroid disease and those currently receiving thyroid hormones or anti-thyroid medication indicated that primary hypothyroidism was seen in 0.4% of women aged 35-44 years, 0.7% of women aged 45-60 years, and 0.2% of men aged 45-60 years (11) ; subclinical hypothyroidism was seen in 7.2, 11.1, and 4.0% of these populations respectively.
Adult patients typically require w1.7 mg/kg per day (120 mg/day for a 70 kg adult) of levothyroxine (L-T 4 ) for full hormone replacement (12) . In older patients (aged R65 years) or those with a history of cardiac disease, an initial low dose (25 mg/day) should be titrated up only every 8 weeks (12) .
Local consensus guidelines for the management of primary hypothyroidism are available in various countries, including France (13), but little is known about how local daily clinical practice relates to such guidelines. The Observatoire de la Prise en Charge Initiale de l'hypothyroidïe en France (ORCHIDÉE) study was designed to describe the initial approaches to the management of hypothyroidism taken by primary care practitioners (PCPs) and endocrinologists in France, including diagnosis, treatment strategies, and first follow-up. Furthermore, the characteristics of a large population of de novo hypothyroid patients in France are described for the first time in this study.
Materials and methods

Study design
ORCHIDÉE (Merck Serono protocol no. 2007-106) was an observational study of patients who were starting treatment with thyroid hormones for hypothyroidism or had started therapy in the previous 6 months. Enrollment for this study was from 30 October 2008 to 5 February 2009. The primary objective was to document the details of the initial management of hypothyroidism, including circumstances of diagnosis, diagnostic work-up, and details of the treatment approach taken by the PCP or endocrinologist. The study was designed to record, but not to modify, the physicians' usual patient management practice and prescription habits.
Patients were recruited by a sample of 500 officebased PCPs in private practice and 120 endocrinologists who were office-based, hospital-based, or both (mixed). Over the course of a 3-month enrollment period, physicians were expected to enroll up to five consecutive eligible patients with hypothyroidism.
Sociodemographic, clinical, therapeutic management, and laboratory data were collected using a standardized case record form at baseline and at follow-up, which was taken to be the time of the result from the first TSH determination after starting the treatment with thyroid hormones.
This study was approved by the Conseil National de l'Ordre des Médecins (CNOM), the Comité Consultatif sur le Traitement de l'Information en matière de Recherche dans le domaine de la Santé (CCTIRS), and the Commission Nationale de l'Informatique et des Libertés (CNIL). All patients gave verbal informed consent.
Physician recruitment
Lots were drawn from a physician database (Centre d'Etude de Gestion et de Documentation Informatique et de Marketing) to randomly select physicians to be invited to participate. This database is widely used in France to identify potential investigators for pharmacoepidemiological surveys. Selected physicians were sent a letter explaining the purpose of the research and a reply coupon on which they could indicate their interest.
Patient selection
Patients diagnosed with and treated for hypothyroidism by the recruited physician or by another physician during the enrollment period or during the previous 6 months were eligible for inclusion, provided that diagnostic data were available. Exclusion criteria included participation in a clinical trial within the last 3 months (including current participation), a strong likelihood of nonavailability for follow-up, short life expectancy, or previous problems with study participation.
Analyses
For this observational study, the number of patients to be recruited was based on the proportion of patients expected in subcategories (e.g. elderly patients, patients with coronary artery disease or arrhythmias), and on the size of the confidence intervals of proportions calculated in these subcategories. The two following formulas were used for the confidence interval calculation and for the number of patients to be included respectively (14) :
Accordingly, it was estimated that a population of 1000 patients would be sufficient to meet the study objectives.
Comparative analyses were performed for enrollment by PCP vs endocrinologist, TSH levels at study entry (!0.2, 0.2-0.4, and O4 mIU/l), and etiology of hypothyroidism. Statistical analyses were performed using the SAS software package, version 9.1 (SAS Institute, Cary, NC, USA 
Results
Physician and patient recruitment
Agreement to participate was secured from 500 of 5200 PCPs and 120 of 600 endocrinologists invited to participate. Of these, 254 (50.8%) PCPs and 82 (68.3%) endocrinologists enrolled at least one patient. The distribution of PCPs who enrolled at least one patient was comparable with that of the sample of invited PCPs by age, sex, and geographic region of practice but included a lower proportion of female physicians than the total PCP population in France (16.1 vs 31.7%). The endocrinologist population was representative of all endocrinologists in France, except that hospital-based physicians were under-represented in the population who enrolled at least one patient (14.6%) compared with all endocrinologists invited to participate (52.4%). An analysis of this variable (hospital-based, office-based, and mixed) revealed hardly any differences between the groups.
Of 1284 patients enrolled in the study, 1255 were included in the analysis population (PCPs, nZ835; endocrinologists, nZ420). The 29 enrolled patients who were excluded did not meet the inclusion criteria because of a diagnosis of hypothyroidism O6 months before the study (nZ24), or other reasons (nZ5).
Patient and disease characteristics
Patient demographic characteristics and diagnostic details are shown in Table 1 ; patients enrolled by PCPs were older than those enrolled by endocrinologists (P!0.001). Clinical suspicion of hypothyroidism was the reason for evaluation of thyroid function in about three-quarters of patients.
The clinical features of hypothyroidism reported most frequently were fatigue (nZ1007, 80.2%), weight gain (nZ604, 48.1%), gastrointestinal symptoms (nZ393, 31.3%), cold intolerance (nZ376, 30.0%), muscular symptoms (nZ312, 24.9%), and skin changes (nZ281, 22.4%). Cardiovascular risk factors recorded were hypertension (nZ332, 26.4%), hypercholesterolemia (nZ346, 27.6%), history of smoking (nZ272, 21.7%), and diabetes (nZ80, 6.4%).
Pretreatment laboratory results
The results of TSH tests performed before prescription of thyroid hormone therapy were available for 1125 of the 1255 patients included in the analysis (89.6%) ( Table 2) . Of the 130 patients in whom TSH results were not reported, TSH was not measured in 57 patients who were being treated following anti-thyroid therapy (surgical, pharmacological, or radioisotope). For the remaining 73 patients, no adequate response was given on the case report form regarding whether or not TSH had been measured or TSH measurements were submitted. There was a considerable inter-patient variation in TSH levels, which were O4.0 mIU/l in the great majority of patients (1066/1125; 94.7%), but !10 mIU/l in over 50%. Excluding patients with causes of hypothyroidism other than autoimmune thyroiditis had little effect on the calculated levels ( Table 2) .
Pretreatment FT 4 levels were available in 678 (54%) patients; of these, 601 (88.6%) had a TSH level O4.0 mIU/l. Among these 601 patients who had TSH levels within the hypothyroid range, 210 (34.9%) had pretreatment FT 4 levels O10.6 pmol/l, indicating the presence of subclinical hypothyroidism.
Thyroid imaging
Imaging studies were requested in 956 patients (76.2%). Thyroid ultrasound was performed in 97.9% of these patients and scintigraphy in 18.8%, suggesting that both techniques were employed in almost 20% of these patients.
Etiology of hypothyroidism
The underlying cause of hypothyroidism was autoimmune thyroiditis in 59.4% of the 1245 patients for whom accurate causal information was provided. Iatrogenic causes were reported in 344 of these patients (27.6%). Within this group, 52.9% (nZ182) patients had been treated with surgery. Other iatrogenic causes were radioactive iodine (nZ30, 8.7%), anti-thyroid drugs (nZ34, 9.9%), combinations of anti-thyroid modalities (nZ10, 2.9%), and 'other iatrogenic causes' (nZ88, 25.6%), most (nZ78, 88.6%) of which were treatment with amiodarone. The most common causes of hypothyroidism were similar for both physician groups.
Therapeutic management
Thyroid hormone therapy was initiated by the enrolling physician in 75% of cases. L-T 4 (as tablets) was prescribed in almost all (98.3%) patients, at a mean (S.D.) starting dose of 56.0 (36.0) mg/day by PCPs and 59.0 (35.6) mg/day by endocrinologists. Half of the patients started treatment at !50 mg/day, with successive titrations to mean doses of 71 and 83 mg/day respectively. The mean interval between dose titrations was 6 weeks (median 4 weeks).
Follow-up monitoring
Follow-up data on TSH levels were reported in 94.4% of the patients in whom any follow-up data were submitted (nZ1208), usually at 2-3 months after the initiation of treatment. At follow-up, mean (S.D.) TSH levels were 6.8 (36.1) mIU/l and the median TSH level was 3.0 mIU/l. Levels of FT 4 at follow-up were available in 49.8% of patients and had increased to the lower end of the normal range (mean (S.D.), 12.4 (11.0) pmol/l; median, 12.8 pmol/l).
The mean interval between TSH assessment and the start of thyroid replacement therapy was longer in patients with normal baseline TSH levels than in patients with high TSH levels (29.8 vs 16.3 days) ( Table 3 ). Low or normal baseline TSH levels (!0.2 or 0.2-4 mIU/l) were measured most commonly in patients with prior surgical, pharmacological, or radioisotope treatment for hyperthyroidism (40.7, 11.9, and 5.1% respectively). Thyroid antibodies were more likely to be determined in patients with high baseline TSH (56-67%) than in patients with low or normal baseline TSH (31-49%), and the results were more likely to be positive (Table 3) .
Differences in management by etiology of hypothyroidism
Most patients (83.7%) with suspected hypothyroidism had baseline TSH levels above 4.0 mIU/l (Table 3) . Patients with iatrogenic hypothyroidism were less likely to have TSH determined at baseline than patients with autoimmune thyroiditis or patients with other etiologies (63.8, 99.0, and 99.2% respectively; P!0.001). In 57 of the 89 patients with iatrogenic hypothyroidism in whom TSH was not determined, a history of thyroidectomy or treatment with anti-thyroid drugs was given as the reason. Patients with iatrogenic hypothyroidism were also less likely to have FT 4 levels measured prior to treatment than patients with autoimmune thyroiditis or other causes (43.3, 60.0, and 51.0% respectively; P!0.001). 
Differences in management between PCPs and endocrinologists
Patients enrolled in the study by PCPs were mostly cared for by the enrolling PCP (nZ786, 94.1%). Threequarters of patients enrolled by endocrinologists had been referred by other physicians (nZ319, 76.0%).
Patients with prior thyroid disease were more likely to be diagnosed with hypothyroidism by an endocrinologist than by a PCP. PCPs were more likely than endocrinologists to diagnose patients on the basis of a clinical suspicion of hypothyroidism or the presence of a goiter ( Table 1) . One of the largest differences noted between physician groups was in the use of scintigraphy, which was carried out in 180 patients: 151 (23.2%) patients managed by PCPs and 29 (9.5%) patients managed by endocrinologists (P!0.001). Further analysis showed that, among PCPs, scintigraphy was more commonly requested among older physicians (O55 years, who examined 30.6% of patients), compared with their younger colleagues (!45 years, 13.3% patients; 45-55 years, 21.6% patients) (PZ0.0012). There was no physician age effect on scintigraphy uptake by endocrinologists. Uptake of thyroid ultrasound was similar in the two groups of physicians (98.3 vs 97.0% of patients).
L-T 4 was the medication chosen for almost all patients by both PCPs and endocrinologists. Both groups followed similar steps for dose titration. However, endocrinologists were significantly more likely than PCPs to provide counseling for their patients (60.9 vs 39.7%, P!0.001). When counseling was offered, endocrinologists gave advice about taking treatment on an empty stomach more often than PCPs (69.1 vs 22.9%), but PCPs were more likely to give advice on recognizing the signs of an overdose than endocrinologists (35.6 vs 20.6%). There was no significant relationship between the provision of counseling and the measurement of TSH at follow-up.
Discussion
To the best of our knowledge, no other studies have investigated real-life approaches to the initial management of hypothyroidism in France. The ORCHIDÉE study collected data from PCPs and endocrinologists for 1255 patients, mostly women, with an average age of 50-55 years. This patient population is similar to populations with hypothyroidism reported in other studies from France and the UK (10, 11, 15, 16) . The large patient cohort and the profile of the participating physicians, which was largely representative of the wider pool, indicate that these results are likely to be representative of medical practice in France.
In line with earlier reports (6, 7, 17, 18) , the most common cause of hypothyroidism was autoimmune thyroiditis, which was reported in 59% of patients. Iatrogenic causes were the second most frequent category, in almost 28% of patients, largely owing to thyroidectomy. Iatrogenic causes were reported with an incidence rate of only 1.8% in a Danish Table 3 Clinical data by baseline levels of TSH. Baseline TSH was not measured in 99 patients, there was no record of TSH estimation or otherwise in 20 patients, and baseline levels were not submitted in a further 11 patients. Includes surgery (38%), radioiodine therapy (12%), treatment with anti-thyroid drugs (12%), combinations of radioiodine therapy and anti-thyroid drugs (2%), and other treatments (36%).
d Causes recorded in more than two patients were 'unknown' (45%), subclinical hypothyroidism (9%), investigation ongoing (8%), goiter (6%), old age (4%), thyroid hypoplasia (3%), thyroid atrophy (3%), pregnancy (2%), and family history (2%). Causes recorded in one or two patients were: iodine deficiency, emotional shock, craniopharyngioma, central hypothyroidism, multinodular thyroid dystrophy, alcohol and tobacco abuse, hematocele, central hypothyroidism, deficiency-induced hypothyroidism, familial hypothyroidism, chronic kidney disease, pituitary insufficiency, menopause, thyroid nodules, secondary hypothyroidism, primary hypothyroidism, involutional thyroid, thyroiditis, non-autoimmune thyroiditis, de Quervain's subacute thyroiditis, and viral thyroiditis.
population-based study (19) . Although this latter study excluded hypothyroidism caused by previous treatment of hyperthyroidism, this large difference between our results suggests that thyroidectomy may play a larger part in the management of thyroid diseases in France than in Denmark, and raises questions about medical strategies in the two countries.
There was good uptake of the major diagnostic techniques across both groups of physicians. Measurement of TSH is recommended by guidelines as the primary diagnostic test for hypothyroidism (5, 20) , and was undertaken in 90% of patients in the current study. Over half of the patients had serum TSH levels of !10 mIU/l and thus warranted additional investigation, which may explain the relatively high rates of FT 4 measurement. Patients with hypothyroidism as a consequence of treatment for hyperthyroidism were less likely to have either TSH or FT 4 levels measured before starting the treatment than patients with other diagnoses.
Sonography was used in almost every case of spontaneous hypothyroidism but is recommended only for showing or confirming the presence of nodules, for measuring thyroid volume, or for demonstrating reduced echogenicity in autoimmune thyroiditis (20) . Thus, the use of thyroid imaging in over 75% of patients in this study is high, and its value in patient management may be questionable in some of the cases included.
The apparent excessive use of scintigraphy by PCPs, particularly among older practitioners, suggests that this group may have little awareness of current guidelines and is of concern, since inappropriate use of scintigraphy exposes patients to radiation for no clinical benefit.
Treatment of hypothyroidism by PCPs and endocrinologists was mostly in line with current French recommendations (20, 21) . L-T 4 was prescribed in almost all patients (98%), with a mean interval between dose escalations of 6 weeks. This practice is largely in line with the guidance for a population with a relatively low risk for cardiovascular disease, although the dose could have been increased more rapidly in such a low-risk population. It should also be noted that, in the follow-up, FT 4 levels were frequently assessed, even though TSH levels are the only necessary measurement in this context.
Repeat TSH data were available from almost 95% of patients in whom follow-up data were available, and the results show a major reduction in mean TSH levels, although the average dose of L-T 4 was below the recommended level (R1.7 mg/kg) for full thyroid hormone replacement (11) .
The ORCHIDÉ E study was designed to be an observational study and not to alter the regular practice of the physicians taking part. As for any observational study, it relies on the reports made by the participating physicians without independent verification. In reporting this study, we have followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines (http://www.strobe-statement.org/) to ensure that it is reported as fully and accurately as possible.
Although physicians were invited to be involved in this study using a random selection approach, the physicians who responded positively were self-selecting and differed in some respects from the overall PCP and endocrinologist populations. The study was also limited by the broad inclusion criteria, which permitted the inclusion of patients with a wide variety of conditions resulting in hypothyroidism. However, the use of the broad inclusion criteria can also be considered as a strength, as it allowed the study to reflect the management of a real-life cohort of patients with a new diagnosis of hypothyroidism.
Conclusions
The ORCHIDÉE study provides valuable information about the real-life clinical management of hypothyroidism in France. The large and representative newly diagnosed patient population and the inclusion of cohorts managed by both PCPs and endocrinologists make the findings robust and probably representative of the wider hypothyroid population in France. The results show a high level of awareness of, and willingness to treat, subclinical hypothyroidism; indeed, about half of the patients being treated with L-T 4 had presented with relatively mild hypothyroidism. Both groups of physicians used TSH estimation extensively as the basis for diagnosis and monitoring, and there was also widespread use of FT 4 levels, thyroid antibodies, and sonography. Although this study provides reassurance that patients are largely being treated in accordance with guidelines by endocrinologists and PCPs in France, it identified some areas for improvement, which could potentially improve the cost-effectiveness of routine practice.
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